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57 ABSTRACT

The trap apparatus of the present invention includes a case
provided for a gas exhaust system used for a film forming
equipment which carries out a film forming process on an
object, a gas supply port, made 1n the case and connected to
an exhaust pipe of the gas exhaust system, for introducing an
exhaust gas flowing through the exhaust pipe, into the case,
a gas exhaust port, made 1n the case and connected to an
exhaust pipe of the gas exhaust system, for exhausting the
exhaust gas flowing through an mner space of the case, to the
exhaust pipe, a plurality of partition plates arranged 1n the
case so as to partition the inner space of the case into a
plurality of rooms between the gas supply port and the gas
exhaust port, a gas distribution port provided in some of the
partition plates such that the exhaust gas introduced into the
case through the gas supply port, 1s allowed to flow through
the rooms partitioned by the partition plates, in the order,
and then exhausted from the gas exhaust port, and a trap
mechanism housed 1n each of the rooms, for trapping
reaction byproducts contained in the exhaust gas introduced
into the case through the gas supply port.

10 Claims, 8 Drawing Sheets
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1
TRAP APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a trap apparatus for
trapping reaction byproducts contained in an exhaust gas
from a film forming equipment for carrying out a predeter-
mined film forming process on an object, so as to eliminate
them.

Generally, 1n the productions of integrated circuits such as
ICs or logic elements, the film forming process for forming
a predetermined thin film on an object such as a semicon-
ductor wafer, a glass substrate or LCD substrate, and the
etching process for etching a formed thin film into a desired
pattern, are repeatedly carried out.

For example, 1n the film forming process, as a predeter-
mined process gas 1s 1ntroduced 1nto a reaction container,
and the process gas reacts, a thin film of silicon, a thin film
of a silicon oxide or a silicon nitride, a thin film of a metal,
or a thin film of a metal oxide or a metal nitride, or the like
1s formed on a surface of an object. At the same time with
the reaction of forming such a film, undesired reaction
byproducts are created, which are discarded together with an
exhaust gas.

The reaction byproducts, i1if directly released to the
atmosphere, cause an environmental pollution or the like.
Therefore, as a general case, a trap apparatus 1s provided for
the gas exhaust system extending from the processing
container, so as to eliminate the reaction byproducts con-
tained 1 the exhaust gas by trapping them with the trap
apparatus.

There are various types of trap apparatuses having dif-
ferent structures, proposed depending upon the characteris-
tics of reaction byproducts to be trapped and eliminated. For
example, the trap apparatus used for eliminating reaction
products which are liquefied or solidified as a condensate at
room temperature, 1s formed to have a structure consisting
of a case having a supply port and an exhaust port, for
ecxhaust gas, and a number of fins provided 1n the case. It
should be noted that these fins are arranged 1n order each at
a different angle with respect to the direction of flow of the
exhaust gas, so as to create an exhaust conductance. With
this structure, when the exhaust gas passes through the fins,
the reaction byproducts contained in the exhaust gas are
trapped as they are adhered to the surfaces of the fins.

Trap apparatuses of the conventional type as described
above, usually have a single space structure. Due to such a
structure, the time period 1n which the exhaust gas 1s brought
into contact with the fins, 1s very short. Particularly, when a
orcat amount of process gas 1s allowed to flow 1n order to
increase the rate of the film formation, reaction byproducts
which cannot be trapped by the trap apparatus, 1n some
cases, escape to the down-stream side of the trap apparatus.

Further, 1n the conventional trap apparatuses, since the
fins of a great number, are arranged at the same pitch, the
fins are often blinded by the reaction byproducts adhered
thereto. Therefore, reaction byproducts which cannot be
trapped by the trap apparatus are made to flow to the
down-stream of the flow.

As one solution to the above-described problem, 1t can be
proposed to increase the capacity of the trap apparatus.
However, 1f the capacity 1s simply increased, 1t 1s not
possible to enhance the trapping efficiency for the increased
capacity, but the space occupied by the apparatus 1s enlarged
for nothing.

BRIEF SUMMARY OF THE INVENTION

The object of the invention 1s to provide an easy-
maintenance compact trap apparatus capable of trapping
reaction products at high efficiency without causing blinding

of fins.
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The object can be achieved by a trap apparatus having a
structure mncluding: a case provided for a gas exhaust system
used for a film forming equipment which carries out a film
forming process on an object; a gas supply port, made 1n the
case and connected to an exhaust pipe of the gas exhaust
system, for introducing an exhaust gas flowing through the
exhaust pipe, 1mnto the case; a gas exhaust port, made in the
case and connected to an exhaust pipe of the gas exhaust
system, for exhausting the exhaust gas flowing through an
inner space of the case, to the exhaust pipe; a plurality of
partition plates arranged in the case so as to partition the
inner space of the case 1nto a plurality of rooms between the
cgas supply port and the gas exhaust port; a gas distribution
port provided 1n some of the partition plates such that the
exhaust gas mtroduced 1nto the case through the gas supply
port, 1s allowed to flow through the rooms partitioned by the
partition plates, in the order, and then exhausted from the gas
exhaust port; and a trap mechanism housed 1n each of the
rooms, for trapping reaction byproducts contained in the
exhaust gas mtroduced 1nto the case through the gas supply

port.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the mstrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated 1n
and constitute a part of the specification, 1llustrate presently
preferred embodiments of the 1nvention, and together with
the general description given above and the detailed descrip-
tion of the preferred embodiments give below, serve to
explain the principles of the mnvention.

FIG. 1 1s a diagram showing a gas exhaust system of a
f1lm forming equipment in which a trap apparatus according
to an embodiment of the present 1nvention 1s provided;

FIG. 2 1s a perspective view showing the appearance of
the trap apparatus according to the embodiment;

FIG. 3 1s a cross sectional view taken along the line
[II—III i FIG. 2;

FIG. 4 1s a cross sectional view taken along the line
IV—IV 1m FIG. 2;

FIG. 5 1s a cross sectional view taken along the line V—V
mn FIG. 2;

FIG. 6 1s a perspective view of a trap mechanism of the
trap apparatus;

FIG. 7 1s a plan view of a trap plate of the trap mechanism;

FIG. 8 1s a cross sectional view showing the arrangement
of air pits made 1n a trap plate;

FIG. 9 1s a cross sectional view showing the variation 1n
size of the air pits made in a trap plate;

FIG. 10 1s a perspective view 1llustrating the typical
behavior of the exhaust gas flowing 1n the trap apparatus;

FIG. 11 1s a perspective view showing another version of
the trap plate; and

FIG. 12 1s a diagram showing the arrangement of circuits,
designed to automatically notify the maintenance timing for
the trap apparatus.

DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of the present invention will now be
described with reference to accompanying drawings.
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FIG. 1 shows a film forming equipment 2 and an gas
exhaust system 12 used for the equipment 2. As can be seen
in this figure, the film forming equipment 2 includes a
process receptacle 4 made of, for example, aluminum. On
the 1mner bottom section of the process receptacle 4, a
susceptor 6 on which an object, for example, a semiconduc-
tor water W 1s to be placed, 1s provided. On the upper part
of the process receptacle 4, a shower head 8 used for
introducing the process gas 1nto the process receptacle 4, 1s
provided. In this embodiment, as examples of the process
gas, TiCl, and NH; are used, and a film of TiN (titanium
nitride) 1s formed on the surface of the semiconductor wafer
W. Therefore, as reaction byproduct, NH,Cl (ammonium
chloride) 1s generated, for example, which is in liquid state
at room temperature, and gasified at 150° C., thought the
characteristics vary depending upon the purlty of the
byproduct. Ammonium chloride generated 1s trapped by the

frap apparatus of the embodiment.

In order to create a vacuum within the process receptacle
4, an gas exhaust system 12 1s connected to an exhaust port
10 made 1n the bottom section of the process receptacle 4.
The gas exhaust system 12 includes an exhaust path 14 made
of, for example, stainless steel, connected to the exhaust port
10. In the exhaust path 14, a gate valve 16, a pump 18 such
as a turbo molecular pump, a first open/close valve 20, a trap
apparatus 22 according to the embodiment, a second open/
close valve 24 and a dry pump 26 are arranged in the order
from the upstream side to the down-stream. It should noted
that the gas exhaust system 12 1s 1n practice housed com-
pactly 1 the vicinity of the film forming equipment 2, but 1t
1s 1llustrated 1in a developed manner in FIG. 1 so that its
structure can be easily understood. Further, the position of
the trap apparatus 22 1s not limited to the position indicated

in FIG. 1.

As can be seen 1n FIGS. 2 to §, the trap apparatus 22 has
a box-shaped case 28 made of, for example, aluminum. The
case 28 has substantially a cubical shape with each side
having about several tens of centimeters. The 1nner space of
the case 28 1s partitioned into four rooms 32A to 32D each
having, for example, a rectangular parallelepiped shape, by
four partition plates 30A to 30D arranged 1n a cross.

In the upper side wall of the first room 32A, a gas supply
port 34 1s made, and a connection pipe 38 having a flange 36
1s connected to the gas supply port 34. A flange 14A of the
cxhaust path 14 1s air-tightly connected to the flange 36 via
a sealing material or the like (not shown), with bolts 40, such
that the exhaust gas can be introduced to the connection pipe

38.

In the lower section of the partition plate 30A which 1s
provided between the first room 32A and the second room
32B, a first gas distribution port 42A having a relatively
large opening area, 1s made. With this structure, the exhaust
gas 1introduced to the first room 32A via the gas supply port
34 1s allowed to flow downwards 1n the first room 32A, and

then i1ntroduced to the bottom section of the second room
32B via the first gas distribution port 42 (See FIG. 5).

In the upper section of the partition plate 30B which 1s
provided between the second room 32B and the third room
32C, a second gas distribution port 42B having a relatively
large opening area, 1s made. With this structure, the exhaust
gas 1ntroduced to the second room 32B via the first gas
distribution port 42A 1s allowed to flow upwards 1n the
second room 32B, and then introduced to the upper section

of the third room 32C wvia the second gas distribution port
42B (See FIG. 4).

In the lower section of the partition plate 30C which 1s
provided between the third room 32C and the fourth room
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4

32D, a third gas distribution port 42C having a relatively
large opening area, 1s made. With this structure, the exhaust
cgas 1ntroduced to the third room 32C via the second gas
distribution port 42B 1s allowed to flow downwards 1n the
third room 32C, and then introduced to the bottom section

of the fourth room 32D wvia the third gas distribution port
42C (See FIG. 5).

As shown 1n FIG. 2, a gas exhaust port 44 1s made 1n the
ceiling portion of the fourth room 32D. A connection pipe 48
having a flange 46 1s connected to the gas exhaust port 44.
A flange 14B of the exhaust path 14 1s air-tightly connected
to the flange 46 via a sealing material or the like (not shown),
with bolts 50, such that the exhaust gas in the case 28 can
be transferred to the down-stream side. It should be noted
that the position of the gas exhaust port 44 may not be 1n the
ceiling portion of the fourth room 32D, but it may be
provided 1n the upper section of the side wall of the fourth

room 32D.

In order to monitor the inner states of the first and fourth
rooms 32A and 32D, monitor windows 52 and 54 made of,
for example, glass, and having a shape clongated 1n the
height direction, are provided in the side walls of the first
and fourth rooms 32A and 32D, respectively. It 1s preferable
that the monitor windows 52 and 54 should be provided for
the side walls of the second and third rooms 32B and 32C
as well. A plurality of casters 56 are provided on the bottom
of the case 28 such that the whole apparatus can be ecasily
carried.

In the ceiling portions of the first to third rooms 32A to
32C and 1n the bottom portion of the fourth room 32D, ports
60A to 60D used for loading/unloading a trap mechanism,
explained later, are made. Each of the ports 60A to 60D is
air-tightly closed via cover members 62A to 62D. The cover
members 62A to 62D are detachably mounted on the ports
60A to 60D, respectively, with bolts 64. A handle 66 1s
provided for each of the covers 62Ato 62D so as to facilitate
the detachment of the covers 62A to 62D from the ports 60A
to 60D. It should be noted that the covers 62A to 62D and
the ports 60A to 60D should be provided on the side walls
of the case 28.

In each of the first to fourth rooms 32A to 32D, trap
mechanisms 38 for eliminating reaction byproducts con-
tained 1n the exhaust gas, by trapping them, are housed. The
trap mechanisms 38 are formed to have the same shape
except that the area or diameter of air pits varies from one

to another, as will be described later. Therefore, only the trap
mechanism housed 1n the first room 32A will now be

described.

As can be seen 1n FIGS. 3 and 6, a trap mechanism 58
consists of four support 68, the upper ends of which are
connected and fixed to the cover 62A, and rectangular-
shaped trap plates 70 set and fixed to these support 68 at a
predetermined pitch (for example, an interval of about 10
mm to 20 mm). The number of trap plates 70 mounted onto
the support 68 1s set to, for example, about twenty. It should
be noted that the number of support 68 1s not limited to four.
As shown 1 FIGS. 6 and 7, each trap plate 70 has a great
number of air pits 72 through which the exhaust gas passes.
In this embodiment, the diameter of the air pits 72 1s set to
about 10 mm.

In order to flow the exhaust gas in zigzag or staggering,
trap plates 70 located adjacent to each other to be one above
another, are arranged such that the air pits 72 of these plates
70 are located as can be seen in FIG. 8. With this
arrangement, the air pits 72 of the plates 70 are arranged 1n
zigzag with respect to the tlow direction of the exhaust gas.
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Therefore, a desired exhaust conductance can be obtained
and the efficiency for trapping reaction byproducts can be
enhanced.

The opening areas of the air pits 72, to be more speciiic,
the mner diameters thereof, made 1n these trap plates 70, are
not uniform from one plate to another. As can be seen 1n FIG.
9, the diameters of the air pits 72 are made larger on the
upstream side of the gas tlow, and those on the downstream
side are made smaller. That 1s, the mnner diameters of the air
pits 72 gradually or stepwise decrease as the gas flows to the
downstream. It should be noted that in the embodiment, the
total opening areas of the air pits 72 made 1n the trap plates
70 are set to be the same as each other. Therefore, 1n one trap
plate 70, when the opening area of each air pit 72 1s smaller,
more air pits 72 are provided in that trap plate 70 than in
other trap plate 70 having larger air pits. With this structure,
the blinding of the air pits 72 i1s prevented on the upstream
side of the gas flow, where the amount of reaction byproduct
1s larger, and reaction byproducts can be trapped at high
precision on the downstream side of the gas flow, where the
amount of byproduct 1s smaller.

The technique of varying the size of the air pits 72
between the upstream and downstream sides of the gas tlow,
can be applied not only to the trap plates 70 in each of the
rooms 32A to 32D, but also to the trap plates 70 provided
between the rooms 32A to 32D. More specifically, for
example, the diameter of the air pits 72 made 1n the trap plate
70 located at the most upstream side (the lowermost side) in
the second room 32B, 1s made to be the same as or less than
the diameter of the air pits 72 of the trap plate 70 located on
the most downstream side (the lowermost side) in the first
room 32A. As a whole, m the first room 32A and the third
room 32C, the diameter of the air pits 72 gradually decreases
from an upper plate to a lower (along the direction of the gas
flow), and in the second room 32B and the fourth room 32D,
the diameter of the air pits 72 gradually decreases from a
lower plate to an upper (along the direction of the gas flow).
In this structure, the diameter of the air pits 72 made 1n the
trap plate 70 located at the most upstream side (the upper-
most side) in the first room 32A, is set to be largest, and the
diameter of the air pits 72 of the trap plate 70 located on the
most downstream side (the uppermost side) in the fourth
room 32D 1s set to be smallest.

As can be seen 1n FIG. 3, a drain port 76 1s made 1n the
bottom portion of the case 28 at a site where the gas
distribution port 42A (42C) of the partition plate 30A (30C)
1s located. The drain port 76 1s connected to a liquid exhaust
pipe (not shown) via an open/close valve 78. The inner wall
74 of the bottom of the case 28 1s inclined downwards at a
predetermined angle towards the drain port 76 such that, for
example, a washing solution introduced 1nto the case 28 is
oguided to the drain port 76 to be easily discarded therefrom.
In FIG. 1, a heater 80 1s provided for the section of the
exhaust path 14, which is located between the exhaust port
10 and the trap apparatus 22. When the heater 80 1s heated
to, for example, about 150° C., the reaction byproducts
flowing through the exhaust path 14 can be maintained 1n a
vapor state.

The effect of the trap apparatus having the above-
described

structure will now be described.

First, as shown 1 FIG. 1, when a predetermined film
forming process 1s carried out on a waler W 1n the process
receptacle 4 of the film forming equipment 2, reaction
byproducts are mixed into the exhaust gas, which flows
through the gas exhaust system 12. For example, 1n the case
where TiCl, gas and NH; gas are used as process gases and
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6

a titanium nitride film 1s formed on a water W, ammonium
chloride 1s created as a reaction byproduct. Since the section
of the exhaust path 14, which continues up to the trap
apparatus 22 1s heated by the heater 80 to the vaporization
temperature (for example, about 150° C.) of this reaction
byproduct or higher, the reaction byproduct flows together
with the exhaust gas 1nto the trap apparatus 22 without being

solidified.

FIG. 10 1s a diagram typically showing the flow of the
exhaust gas 1n the trap apparatus 22. As can be seen 1n this
figure, the exhaust gas which flows 1nto the upper section of
the first room 32A from the gas supply port 34, runs
downwards 1n the room 32A, and further flows to the bottom
section of the second room 32B through the first gas
distribution port 42A. Then, the exhaust gas goes up within
the room 32B, and flows 1nto the upper section of the third
room 32C through the second gas distribution port 42B, then
ogoes down within the room 32C. Further, the exhaust gas
flows mto the bottom section of the fourth room 32D via the
third distribution port 42C. After ascending in the room 32D,
the gas 1s exhausted out of the case 28 through the gas
exhaust port 44 located 1 the ceiling portion. During the
above-described flow of the exhaust gas, the reaction
byproduct 1s efficiently trapped by the trap mechanisms 58
provided in the rooms 32A to 32D, to be eliminated. More
specifically, as shown 1n FIG. 8, the exhaust gas flows
downwards to the downstream side as 1t passes through the
air pits 72 of each of the trap plates 70. During this period,
pieces of the reaction byproduct are condensed as they hit on
the trap plates 70 set at room temperature, and adhered and
trapped on the surface of each trap plate 70. Since the air pits
72 of the plates are arranged to be 1n zigzag from one plate
to next, with respect to the gas flow direction, the exhaust
ogas does not flow straight, but flows 1n zigzag or meanders
(see FIG. 8). With this structure, the possibility that pieces
of the reaction byproduct are brought 1nto contact with each
trap plate 70 1s increased, the efficiency for trapping the
reaction byproduct 1s enhanced for the increased possibility.
In addition to the zigzag arrangement of the air pits 72
formed between an upper one and an lower one of adjacent
pair of trap plates 70, when the air pits are formed 1n a zigzag
manner 1in each and every trap plate 70, the trapping eili-
ciency 1s further improved.

According to the above-described embodiment, the 1inner
space of the case 28 1s divided into four rooms, and the
exhaust gas flows from the first room 32A to the fourth room
32D 1in the order. With this structure, the gas flow path can
be elongated without increasing the occupying space of the
apparatus. Further, 1n the embodiment, the size of the air pits
72 1s set larger 1n the upstream side of the gas flow, and 1t
1s designed to decrease gradually or stepwise as the plate 1s
situated on the further downstream side. Consequently, even
if a great amount of reaction byproduct 1s adhered to those
of the trap plates 70, which are located on the upstream side,
and tend to trap a more amount of byproduct, the blinding,
of the air pits 72 can be prevented since their sizes are set
large on the upstream side. Further, although the amount of
byproduct adhered to those of the trap plates 70, situated on
the downstream side should become smaller, the possibility
of trapping byproduct can be maimntained high as compared
to the case of the upstream side, since the size of the air pits
72 1s set smaller on the downstream side. With this structure,
it becomes possible to maintain the efficiency of trapping
reaction byproduct at high while preventing the blinding of
the trap mechanism in the enftire apparatus.

The amount of reaction byproduct adhered to the trap
plates 70 can be monitored through the monitoring windows
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52 and 54 made 1n the side surface of the case 28. When a
orcat amount of reaction byproduct 1s trapped, the trap
apparatus 22 1s removed and subjected to the maintenance
operation including cleaning. The trap apparatus 22 can be
removed as follows. That 1s, first, after a film forming
process 1s completed, the first and second open/close valves
20 and 24 (see FIG. 1) are closed so as to isolate the trap
apparatus 22. Then, the bolts 40 and 50 which fix the flanges
36 and 46 of the connection pipes 38 and 48, are loosened
and pulled up, and thus the trap apparatus 22 i1s removed
from the exhaust path 14. In the case where the amount of
reaction byproduct trapped 1s not very much, the case 28 is
filled with, for example, a washing solution serving as a
solvent, and the whole apparatus 1s shaken, so as to dissolve
and remove the reaction byproduct adhered to the trap plates
70 mto the solution. In the case where the amount of the
reaction product trapped 1s so much that 1t cannot be easily
removed by the above-described simple cleaning operation,
the covers 62A to 62D provided on the ceiling or bottom
portions of the rooms 32A to 32D are taken off by loosening
the bolt 64. Then, the trap mechanisms 358 formed to be
integrated with the covers 62A to 62D are taken out of the
case 28. In the case where the covers 62A to 62D are not
connected to the trap mechanisms 38 as integral bodies, the
covers 62A to 62D are taken off, and then the trap mecha-
nisms 38 housed in the rooms are removed by hands. After
the trap mechanisms 38 are removed from the case 28, the
reaction byproduct trapped 1s washed off, for example, by
immersing trap mechanisms 39 1nto a washing solution. At
the same time, reaction byproduct adhered onto the inner
surface and the like, of the case 28, 1s washed off with
washing solution.

Regarding the discard of the washing solution from the
case 28, most of the washing solution can be discarded from

the connection tubes 38 and 48, or discarded from ports 64A
to 64D when the covers are off; however, 1t 1s difficult to

climinate the washing solution remaining in the case 28
completely 1n a short time. However, 1 this embodiment,
the mner walls 74 of the bottom section of the case 28 1s
formed to have a tapered surface as can be seen in FIG. 3,
and therefore the washing solution remaining in the case 28
flows down along the tapered surface mto the drain port 76.
Consequently, when the drain open/close valves 78 are
opened, the remaining solution can be easily discarded. With
the described structure, even if the flow path of the exhaust
oas 1n the trap apparatus 1s elongated, each trap mechanism
58 can be taken out easily from the case 28, thus making 1t

possible to facilitate the maintenance operation.

In the meantime, the number of trap plates 70, the pitch
of the plates arranged, the size of air pits 72, and the like are
set appropriately 1in consideration of the amount, character-
istics and the like, of reaction byproduct to be trapped. In
this embodiment, the trap mechanisms 58 employ trap plates
70 1 which air pits 72 of an elliptical or circular shape are
made; however the structure of the trap mechanisms 1s not
limited to this. Alternatively, for example, as shown 1n FIG.
11, 1t 1s possible that rectangular cuts are made 1n trap plates
70, and the cut sections are bent at a predetermined angle
towards the exhaust gas flow direction, thus forming rect-
angular air pits 82 and fins 84. In this structure, not only the
air pits 82 should be arranged 1n zigzag between plates with
respect to the exhaust gas flow direction, but also the fins 84
should be arranged such that the inclining directions thereot
between plates are reverse to each other with respect to the
gas flow direction. Thus, the efficiency of trapping reaction
byproduct can be maintained at high.

Further, as a trap mechanism, a conventionally employed
type, for example, one having a great number of fins, can be
also used.
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In the above embodiment, the state of the trap mechanism
to which byproduct 1s adhered, 1s monitored by the operator
through the monitor windows, and the timing of the cleaning
1s decided; however 1t may be automatically carried out. In
this case, for example, as can be seen 1n FIG. 12, a flow
meter 86 1s provided for a section of the exhaust path 14,
which 1s located on either the upstream or downstream of the
trap apparatus 22 (in this figure, it 1s provided on the
upstream side), and a flow amount value detected by the
flow meter 1s compared with a predetermined threshold
value at a judgment unit 88 of a microcomputer or the like,
so as to decide if a maintenance 1s necessary or not. For
example, when a certain amount or more of reaction byprod-
uct 1s trapped, the exhaust conductance becomes large, and
therefore the flow amount of the exhaust gas 1s decreased.
When the flow amount becomes equal to or lower than the
threshold value, an alarm 90 i1s operated to notify the
operator that a maintenance 1s necessary. Or, in place of the
flow meter 86, a manometer may be provided. When a
manometer 18 placed on the upstream side of the trap
apparatus 22, the pressure increases when a certain amount
or more of reaction byproduct 1s trapped, and therefore its
threshold should be detected. When 1t 1s placed on the
downstream side, a reverse phenomenon occurs, and there-
fore the decrease 1n pressure should be detected.

As described above, according to the trap apparatus of the
present 1nvention, the excellent operational effects can be
obtained as will now be summarized. That 1s, the exhaust gas
introduced 1nto the case passes through all the rooms 1n the
order via the gas distribution port made 1n the partition
plates, and during this period, reaction byproduct contained
the exhaust gas 1s trapped with the trap mechanisms pro-
vided 1n the rooms, to be eliminated. With this structure, the
exhaust gas flows through these rooms one after another 1n
the order, and therefore the length of the gas flow path can
be 1ncreased. Consequently, the efficiency for trapping reac-
tion byproduct can be enhanced. More specifically, the inner
space of the case 1s partitioned 1nto a plurality of rooms, in
cach of which, a trap mechanism 1s provided, and the
exhaust gas 1s allowed to flow from one room to another in
the order. Therefore, the flow path can be elongated while
maintaining the size of the apparatus compact, and the
reaction byproduct contained in the exhaust gas can be
ciiiciently eliminated.

Moreover, 1n each of the trap mechanisms, trap plates
cach having air pits, are arranged at a certain pitch, making
it possible to achieve a simple structure and suppressing the
occurrence of the blinding of the plates or the like. Further,
the air pits are arranged 1n zigzag between plates, with
respect to the exhaust gas flow direction, and with this
arrangement, the exhaust gas flows 1n zigzag or meanders.
Consequently, the possibility that the exhaust gas hits each
trap plate, increases. Thus, the reaction byproduct can be
ciiciently trapped. Furthermore, the opening area of air pits
1s gradually decreased as the exhaust gas flows downstream.
With this structure, the occurrence of the blinding can be
further suppressed, and the efficiency of trapping the reac-
tion byproduct can be further enhanced. In other words, the
opening area of the air pits located on the upstream side of
the exhaust gas flow, where the trapping amount i1s greater,
1s set relatively larger, so as to prevent the blinding of these
holes, and the reaction byproduct remaining the downstream
of the gas flow can be efliciently trapped since the opening
arca of one air pit 1s smaller in the downstream side.
Furthermore, with the structure that a trap mechanism and a
cover are formed as an integral unit, the trap mechanism can
be very easily loaded or unloaded by removing the cover
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which comes out together with the trap mechanism for a
maintenance operation, thus facilitating the maintenance
operation. Furthermore, the monitor window 1s provided 1n
one wall of the case so that the inside of the case can be
monitored, and therefore the amount of the reaction byprod-
uct trapped can be detected so as to know an appropriate
maintenance timing. Furthermore, the drain port 1s made 1n
the case, and the inner walls of the case are formed 1nto a
tapered surface which continue towards the drain port, and
therefore the washing solution after washing the inner space
of the case, can be made to flow on the tapered surface and
discarded from the drain port quickly. Thus, the maintenance
operation can be efficiently carried out.

In the above-described embodiment, the inner space of
the case 1s partitioned into four rooms in the vertical
direction; however the number of rooms 1s not limited to
this, or the mnner space of the case can be partitioned 1n a
lateral direction. Or, 1n the embodiment, the reaction
byproduct 1s trapped with trap plates which are set at room
temperature; however 1t 1s possible that a coolant pipe 1n
which a coolant flows 1s provided for each trap plate so as
to cool 1t and promote the condensation of the reaction
byproduct 1n a vapor state, and the byproduct 1s trapped in
a condensate form. Or, the embodiment was described 1n
connection with the example case where ammonium nitride
1s eliminated as its reaction byproduct; however the present
invention 1s not limited to this, but it can be applied to any
other case as long as the reaction byproduct becomes
condensate at room temperature or less. Lastly, the embodi-
ment was described as a case where a film forming process
1s carried out on a semiconductor wafer; however the present
invention 1s not limited to this, but it can be applied to LCD
substrates, glass substrates and the like.

Additional advantages and modifications will readily
occurs to those skilled in the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined by the appended claims and their equiva-
lents.

We claim:

1. A trap apparatus comprising:

a case provided for a gas exhaust system used for a film
forming equipment which carries out a film forming
process on an object;

a gas supply port, made 1n the case and connected to an
exhaust pipe of the gas exhaust system, for introducing
an exhaust gas tlowing though the exhaust pipe, into the
Case;
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a gas exhaust port, made 1n the case and connected to an
exhaust pipe of the gas exhaust system, for exhausting,
the exhaust gas flowing through an inner space of the
case, to the exhaust pipe;

a plurality of partition plates arranged in the case so as to
partition the mner space of the case into a plurality of
rooms between the gas supply port and the gas exhaust
port,;

a gas distribution port provided in some of the partition
plates such that the exhaust gas introduced 1nto the case
through the gas supply port, 1s allowed to flow through

the rooms partitioned by the partition plates, 1n the
order, and then exhausted from the gas exhaust port;

a trap mechanism housed 1n each of the rooms, for
trapping reaction byproducts contained in the exhaust
gas 1ntroduced into the case through the gas supply
port; and

a plurality of trap plates for trapping reaction byproduct
contained 1n the exhaust gas, and holding means for
holding said trap plates at a predetermined pitch.

2. A trap apparatus according to claam 1, wherein each of

the trap plates has a plurality of air pits made therein.

3. A trap apparatus according to claim 2, wherein the
plurality of air pits made 1n the trap plates are arranged 1n
zigzag with respect to the flow direction of the exhaust gas,
between plates.

4. A trap apparatus according to claim 2, wherein opening,
arca of the plurality of air pits 1s decreased continuously or
stepwise as the exhaust gas flows downstream.

5. A trap apparatus according to claim 2, wherein a total
opening areca of the plurality of air pits 1s set to be equal
between all the trap plates.

6. A trap apparatus according to claim 1, wherein a port
1s made 1n the case so as to load/unload the trap mechanism,
and a cover 1s detachably mounted on the port.

7. A trap apparatus according to claim 6, wherein the trap
mechanism 1s connected to the cover as an mtegral form.

8. A trap apparatus according to claim 1, wherein a
window 1s provided for the case, and 1nsides of the rooms
can be monitored through the window.

9. A trap apparatus according to claim 1, wherein the case
has a drain port for discarding a liquid introduced to the case,
opening/closing means for opening/closing the drain port
and guide means for guiding the liquid attached to an 1nner
wall of the case to the drain port.

10. A trap apparatus according to claim 9, wherein the
ouide means 15 an inclined surface formed 1n the inner wall
of the case, for guiding the liquid towards the drain port.
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